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A wearable monitoring system and method of manufacturing of a wearable monitoring 



system 
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The invention relates to a method for manufacturing a wearable monitoring 
system, said method comprising a step of providing a fabric-based elastic belt for housing of 
electrodes. 

The invention further relates to a system for cardiac monitoring. 



A method for manufacturing a wearable monitoring system is known from 
WO 98/41279, According to the known method a textile garment is provided with monitoring 
electrodes, said electrodes being sewn, embroidered, embedded or attached to the garment by 

1 0 means of an adhesive. 

A monitoring system of the type known from the prior art can be used in the 
field of monitoring a physiological activity of a patient, for example a heart rate. In this case 
it is of an importance that the monitoring system is user-friendly and can be worn by the 
patient during long periods of time without the patient experiencing any discomfort. It is 

15 ftirther important that the number of electrodes is minimized in such a monitoring system and 
that the electrode system is durable and reliable. 



It is an object of the invention to provide a method for manufacturing of a 
20 wearable monitoring system, where the electrodes are reliably attached to the garment and 
where the manufacturing costs are reduced. 

The method according to the invention is characterized in that the electrodes 
are provided by molding an electrode material through the elastic belt. It has been found that 
by applying a per se known molding operation to attach an electrode to the belt of the 
25 garment, for example an underwear slip or a brassier a reliable and cheap monitoring system 
can be produced. The fact that the necessary electrodes are integrated in the belt of the 
garment contributes to the user-friendliness of such a monitoring system. Furthermore such a 
system is washable which fiirther contributes to the comfort of the patient. Due to the fact 
that the electrodes are integrated with the elastic band, which is flexible during body 
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movements, the position of the electrodes with respect to the patient's skin, is not fixed. Thus 
skin irritation is minimized. A minimizing of the motion artifacts of the measurements is 
achieved by an adapted pressure on the electrodes, which is generated from the tension in the 
elastic band. A preferable tension for the elastic band is chosen in the interval from 12 to 24 
N. It is found that the applied tension further facilitates sweating beneath the electrodes, 
improving the electrical conductivity and thus, leading to a noise reduction. Due to the fact 
that in general people are accustomed to experience tension in the waist region, it will not 
lead to a patient discomfort. Additionally, the small size of the electrodes fiirther contributes 
to the user-friendliness of the monitoring system. 

An embodiment of the method according to the invention is characterized in 
that for the step of providing the electrodes use is made of a mould including electrical wiring 
for providing electrical connections to the electrodes, said wiring being permanently attached 
to the electrodes after the mould is released. According to this technical measure the 
necessary wiring can also be integrated in the belt, further contributing to the patient's 
comfort and the durability of the monitoring system. The wire material can comprise 
conventional copper wires or, alternatively, it can comprise electrically conductive siHcon 
bands. The silicon bands can be appropriately chosen so that to match the elasticity of the 
elastic band. 

An embodiment of the method according to the invention is characterized in 
that the electrode material comprises conductive mbber and in that during the molding a 
vulcanization of the conductive mbber is performed. It is advantageously to use a conductive 
rubber for manufacturing the electrodes, as the mbber is stretchable thus contributing to the 
user-fnendliness of the system. It has been found that by applying a per se known 
vulcanizing operation (pressing and heating) to attach the electrode material to the belt of the 
garment a reliable and cheap monitoring system can be produced. 

A further embodiment of the method according to the invention is 
characterized in that for a wiring a material is used which has a substantially the same 
elasticity as the material of the elastic belt. This technical measure ensures approximately 
equal stretchability of the elastic belt, further contributing to the reliability of the monitoring 
system. Conductive mbbers are available which are well-suited for these purposes. 

The invention further relates to a monitoring system, characterized in that the 
monitoring system is a cardiac monitoring system. It has been established that particularly 
patients with abnormahties in the heart rate require a continuous monitoring. The system 
manufactured according to the method presented above is very convenient as it can be worn 
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as regular underwear garment without causing extra discomfort to the patient. Such a 
monitoring system can be fiirther adapted to produce a local and/or remote alarm in case a 
life threatening abnormality occurs. For this purpose this monitoring system cam be integrated 
in a state of the art alarm system, known, for example in the field of cardiac arrest 
5 monitoring. 

An embodiment of the monitoring system is characterized in that said system 
comprises at least two electrodes. It has been found out that for purposes of cardiac arrest 
monitoring it is sufficient to provide two electrodes. These electrodes can be integrated in the 
abdominal belt of the underwear or in the thoracic belt of the brassier. For the ECG 
10 monitoring at least three electrodes suffice. 

A still further embodiment of the monitoring system according to the 
invention is characterized in that said system further comprises a motion sensor. This 
technical feature has the advantage that in case the monitoring system detects a cardiac arrest 
this condition is double-checked by means of a motion detector. This additional feature 
15 reduces a chance of false alarms. 

These and other aspects of the invention will be discussed with reference to 

the figures. 



20 Fig. 1 presents a schematic view of an embodiment of the monitoring system. 

Fig. 2 presents schematically an embodiment of a cross-section of one sensor 
attached to the elastic belt according to the method of the invention. 



25 Fig. 1 presents a schematic view of the wearable monitoring system 1 

according to the invention. A patient P is supplied with a set of sensors 3 integrated on the 
elastic belt 2, the sensors being attached to the elastic belt according to the method of the 
invention. The set of sensors 3 are thus reliably positioned in a contact with the patient's skin 
in order to acquire a desirable physiological signal. For example, such a monitoring system 

30 can be arranged to perform measurements of the heart activity or a signal derived from the 
heart activity. The sensors 3 comprising electrodes (not shown) are electrically connected to 
the storage and analysis device (SAD) 4. The SAD can be arranged to perform a primary data 
analysis in order to interpret the acquired physiological data, or it can serve as an 
intermediate data collection station. In the former case the control signal, for example an 
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alarm can be sent to a remote station 6 in case the primary data analysis detects an 
abnormality. In the latter case the data is being sent for analysis at the remote station 6. The 
latter case can be advantageous in situations where voluminous data is to be analyzed for 
different purposes. It is found that in order to detect the event of the cardiac arrest it is 

5 sufficient to use only two sensors integrated in the belt. Next to these sensors a motion 
detector can be assembled on the elastic belt. Any known portable motion detector can be 
used for this purpose. In a case of the cardiac arrest event the patient is not moving, which is 
conferred by the motion sensor. In this case (no patient movement) it is found to be feasible 
to measure the ECG with two sensors localized in the abdominal area of the patient. 

10 Fig. 2 presents schematically a cross-section of one sensor, comprising an 

electrode assembly 20 attached to the elastic belt 10 according to the method of the invention. 
The electrode material 20 can be manufactured from a mixture of electrically conductive 
graphite with a silicon gel, for example. Other suitable materials can also be used to 
manufacture the electrode, for example conductive mbbers. In case a conductive rubber is 

1 5 used the electrode body can be attached to the elastic belt by means of the per se known 

vulcanization procedure comprising the steps of heating and pressing. It is also possible that 
the elastic belt is pre-processed to comprise cut-aways in areas where the electrodes are to be 
positioned. As is shown in Fig. 2, a part of the electrode 24 is located in such a cut-away of 
the belt and another part 22 of the electrode is joined with the elastic belt 10. The outer body 

20 of the electrode can be covered by a mould [not shown] at the backside surface 23 of the 
electrode. The electrical connections to the electrode 20 of the s^isor are realized by means 
of a wire, schematically presented by 30. The wire 30 leads to other electrodes in the 
monitoring system and to the motion sensor [optional] and to the Storage and Analysis 
Device [not shown] also attached to the beU, Thus, a cheap, durable and reUable wearable 

25 monitoring system can easily be realized using the method of the invention. 



